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Risk assessments cften insppropriately report and handle data near the limits of datecaon Common errors inciude (1)
mission of detection limits, (2) failure to define detection /imits which ere reported, and (3) unjustified treatment of non-

etects as zero. This guidance is intended to improve the quality and consistency of hmdlmg data near the detection
limit in risk assessments done in Region lil. (EPA/903/8-91/001)
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REPORTING DETECTION LIMITS

The practice of ornitting information on detection limits
from risk assessments is inappropriate, both technically
and ethically, becsuss it concesls important
uncenainties about potential leveis of undetected risk,
For example, failure to detect TCE in drinking water at
a detecton limit of 50 parts per dillion (PP8) does not
establish accsptable levels of heelth risk; failure to
detect TCE at 0.05 ppb does. If risk assessors negiect
to consider detection limits for anelytical data, thsy mey
overiock serious heaith threats, Furthermors, detection
limits should appear baifi in cate summaysy tabies in the

bogy of the nskm and in tables of raw caa

in appendices. o

In a generic sense, there are wo types of analytical
lower limits: datection limits end quentitation limits.
The detection limit is the lowest concentration that can
reliably be distinguished from zero, but iz below the
leve! which is quantifiable with acceptable precision. At
the detection limit, the analyte is proven to be present,
but its reported concentration is an estimate. The
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quaritation limit is the iowest concentration which carn
be not only detected, but aiso quantified with a
specified degree of precision. Al the quantitation limit,
the anaiyte is both proven present and measurec
reliably. The quantitation limit is aiways greater than the
detection limit, usually by a factor of about thres.

NON-DETECTION v. ZERO CONCENTRATION

The routine essumption that site-reiated contaminants,
if uncietected, are absent from sampies is ofen unduly
cotimistic. Some frequently-encourtered carcinogens
(e.q, vinyl chicride and tetrachioroethene in drinking
water, berylliumn in soil) ere significant potential heait:
risks at levels below detaction limits. Risk assessors
should use professional judgment, augmented by the
decision path described below, t0 decide if hazerdous
comaminams should be assumed present &t leveis
beiow the detection limit.



The detection limit is the lowest concentrarion that camn
reliably be distinguished from zero, but is beiow the leveF
which is quantifiable with acceptable precision.. -4

The quantitation limit is the lowest concentration which can -

be not only detected, bu:al:aquamﬁedwnha:pecy‘fed
degree of precision.;

EXISTING GUIDANCE

Section 5.4 of the EPA Risk Assessment Guidance for
Supertund (USEPA, 1989) IA recommends that all cata
qualifiers should be reported in the exposure
assessment, and that their implications be consicersd
before the data are used for risk assessment. Section
8.5.1 suggests use of modeis when monitoring data are
restricted by the limit of quantitation, and Section 5.3.1
comains guidance for re-analyzing samples and
determining which data should be traated qualitatively.
Lseability in Risk

EPA's Guidance for

(USEPA, 1990) Section 3.3.4, subdivides generic

detection limits and quantitation limits, describing six
differant lower analytcal limits. Section 4.2 of DURA
describes a strategy for selecting appropriate analytical
methods, which includes consideration of risk at the
cetection limit.

(1) The instrument detection limit (IDL) is three times
the standard deviation of seven replicate analyses at the

Iowesrccncenmonofalabomtarysmndardm:s )

statistically different frorn a biank.

(2 mmmmmismmﬁm
the stancard deviation of seven replicate spiked
samples handled as environmental sampies.

(3) The sampie quantitation lirnit (SQL) is the method
detection limit corrected for sampie dilution and cther

_sampie-specific adjustments.

(4) The contract requirad detsction limit (CRDL) is the
sample quantitation limit which CLP iaboratories are
required to maintain for inorganic analytes.

(5) The contract jred quantitstion Imit (CROL) /s
the sampie quantitation limit which CLP laboraiories
must maimsin for organic analytes.,

(S)MMdmaﬂm{LOO)ismwabm

- Even with an opr:mum sample and analysr?‘

which analtes may be quantified with a Sph
precision, often +/- 30%. .This precision is u
assumed (o0 occur at ten times the standard de
measured for the instrument cetection limit.

, risk
assessors still confront situations where signiljcant rzsks
can occur below the detection limit. Ne:merems nor
DURA presents a procedure for assessing’ ks from
undetected, but potentially present compound®, nor go
they suggest a specific reporting format fomd®tecticn
limits. This Region Ill guidance documen esses
these gaps in national risk assessment guidagee. It is

intended to augment, not replace, natxonal ance
RECOMMENDEL METHODOLOGY

5
A_ Reporting Q_e_;e;gpn Limits ﬁ”

Risk assessments should include analytical Imué .in all

' cata tables, including summary tables. Qpe“of the

following should be reporred for all T%aecred
analytes, in order of preference: Ec
s

Sampie Quantitation Limit T rs
Contract Required Detsction Limit (&*d‘hr
Limit of Quantitation (as described in DU,

Each data table in the risk assessment should clearty
describe which limits are reported, and define them.

Risk assessments shouid use the format shown below
for all data tables. Uncdetected anaites should be
reported as the detection iimit (i.e, either the SQL,
CRDL/CRQL, or LOQ, in that order) with the code ‘L.
Ansiytes detected above the detection limit, but below -~
the: quantitation limit, shouic- be- reporred as an
mmmmmmmm- :

Goncentgtion in Semple (Code)
Compowng = 123 458 789
Trichiorosthene oy 18 0.9¢)
Vil Chioride 0200 02 22
2 oI

Tetrachiorosthens 5.5

Non-detects are reporied se e sampie quantitation Hmit, defined as
three timag e siandard deviation of sevan replicate spiked sampies
handied as environmenial sempiee, corrected for sampie dikation and

A Edp



8. _Non-Detecton v. Zero Concentration

Risk assessors have the following methods o choose
from, for handling data below the detection limit:

1. Non-detects handled as detection limits - In this
highly conservative approach, aill non-detects are
assigned the value of the detection limit, the largest
concentration of analyte that could be present but not
. detected. This method always produces a mean
concentration which is biased high, which is inconsis-
tent with Region III's policy of using best science in risk
assessments.

2. Non-cetects reported as 2ero - This is the best-case
approach, in which all undetected chemicals are
assumed absent. This method should be used only for
specific chemicals which the risk assessor has
determined are not likely to be present, using the
decision path below.

3. Non-detects reported as half the detection limit - This
approach assumes that on the average ail values

beween the detection limit and zero could be present,

and that the average value of non-cetects couid be as

high as haif the detection limit. This method (or method -

four, below) shouid be used for chemicals which the
risk assessor has determined may be present below the
detection limit, using the decision path beiow.

4. Statistical estimates of concentrations below the
detection limit - Use of statistical methods to estimate
concentrations below the detection limit is technically
superior to method three above, but ajso regquires
considerably more effort and expertise than the three
simpler methods. Also, these statistical methods are
effective only for data sets having a high proportion of
detects (typically, greater than 50%). Therefore, statis-
tical predictions of concentrations beiow the detection
limit, as described by Gilbernt (1987) and reviewed by
Heisel (1990), are recommended onily for compounds

which significantly impect the risk essessment and for

which data are adequase,

Summarnzing the discussion above, method one
(non-detects = DL) consistently overestmates
concernrations below the detection limit, and should not
be used. Risk assessors should use the following
decision path to select among meathod two (non-detects

= (), method three (non-cetects = DL/2), and method
four (specialized statistics) to achieve the least biased
estimate of reasonable maxiimum exposure.

The choice of method should be based on scientfic

. judgment about whether: (1) the undetected substance

poses a significant heaith risk at the detection lims, (2)
the undetected substance might reasonably be present
in that sample, (3) the treatment of non-detects wiil
impact the risk estimates, and (4) the database is suffi-
cient to support statistical analysis. The decision patiy
below, followed by examnples of appropriate selocaans,
is recommended: -

1. Is the compourd presemt at a hamrdous
concentration in any site-related sampie?

If no, essume non-detects are zero: if yes, corinye.
(Note that if the compound is not present in any sample
at & hazardous level (e.q, 10° risk or a hazard quotient

.of 1), it probably shouid be dropped from the risk

assessment.)

2 Wasmsmplowmndmmd(a; ¥ no
gracient exsts, adjacent 10) a detectable concentration
of the chemical?

if no, assume non-detects are zero; if yes, continue,

3. Do the chemical’s physical-cherical characteristics
(e.g, warer solubiilty, octanol-water pertitioning, vapor
pressure, Herey's law constant, bicdegradability, eic.),
permit it reasonably to be present in the sample? Aro
other site-related compounds with similar
characteristics present in the sample?

#n -} non-d .
if yes (10 either question), continue,

4. mmwmmww




EXAMPLES

1. TCE is present in groundwater on site at 500 ug/l,-a -

potentially. hazardous concentration. Elevated TCE
concentratons are measured upgradient of a residential
well, but TCE is not detected in the residential well
itself. Other site-related chiorinated VOCs are detected
in the residential well. The detection limit for TCE was
5 ugll (equivalent to 5 x 10° risk under the exposure
scenario in the risk assessment).

Decision Path

Step 1 - continue

Step 2 - continue

Step 3 - continue

Step 4 - assume non-detects are DL/2. If multiple weil
samples ars available, and TCE is cetscted in some,
consider using spec:ahzed statistical methodas.

2. Chromium is present in on-site soiis at 10,000 mg/kg,
a porentially hazardous concentration under direct
contact axposure. Chromium is not detected in an
adjacent off-site soil sample, aithough other site-related
metals are. The detection limit for chrormium in soil is
0.1 mg/kg, well below a hazardous concentration under
the exposurs scenaro in the risk assessment,

Decision Path

Step 1 - continue

Step 2 - continue

Step 3 - continue

Step 4 - assume non-detects are DL/2; using
specialized statistics is unnecessary because the risk
asssssment would not change appreciably.

3.Pcssmnotdmctadmzomwumpm.
There ig no history of PC8 disposal at the site, and
PC8s were not detected in any other medium,

Decision Pat
Step 1 - assume non-detects are 2er0.

4. Vinyl chioride, a site-related contaminant, is
meeasured in surface water downstream of the site
boundary at 10 .g/l, a hazardous concengation for &
- resident recepror. Five hundred meters upstream of the
site, viryl chioride is not detected at & DL of 0.1 ugfi.

Refaranceas

LDecision Path

Step 1 - continue
Step 2 - assume upgradient non«detecrs equal ze

5. 2,3,7,8-TCOD is detected in an unfitered monitarng
well sample at § ng/l, a potentially hazaraous
concentration. The next downgradient well has no
detectabie TCDD. Pentachiorophenoi, also detected in
the first well, is not detected in the second,

Decision Path

- Step 1 - continue

Step 2 - continue
Step 3 - assume non-detects of both TCOD and PCPR
equal zero because of low mobility in groundwater.
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